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Abstract. We aimed in the present work is to study the effects of fosetyl-Al and fenamidone based 
fungicide (“Verita WG”) on glycogen storage and expression of lipid droplets in common carp 
(Cyprinus carpio, L.) liver. Concentrations of the test chemical were 30 mg/L, 38 mg/L and 50 mg/L 
under laboratory conditions. We used PAS-reaction for detection of glycogen storage and Sudan III 
staining for detection of lipid droplets in common carp hepatocytes. Hence, we found that the 
amount of glycogen and the fat storage in the liver increased proportionally with the increased 
fungicide  concentrations.  We  also  found  conglomerates  of  accumulated  glycogen  in  certain 
hepatocytes at all used concentrations. Overall, the results demonstrated enhanced glyconeogenesis 
and fat accumulation in the common carp liver, exposed to the test chemical. 
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Introduction 
Water pollution may be defined as any 
impairment  in  its  native  characteristics  by 
addition  of  anthropogenic contaminants to 
the  extent  that  it  either  cannot  serve  to 
humans  for  drinking  purposes  and/or  to 
support the biotic communities, such as fish. 
All  water  pollution  affects  organisms  that 
live  in  these  water  bodies.  It  occurs  when 
pollutants  are  discharged  directly  or 
indirectly  without  adequate  treatment  to 
remove the harmful constituents (AGRAWAL 
et al., 2010). Thus, pesticide contamination of 
surface  waters  have  been  documented 
worldwide and constitute a major issue that 
gives  rise  to  concerns  at  local,  regional, 
national  and  global  scales  (HUBER  et  al., 
2000; CEREJEIRA et al., 2003).  
“Verita WG” is a systemic and contact 
fungicide,  effective  against  plant  diseases, 
caused by fungi of the class Ооmycetes. The 
active substances are fosetyl-Al and fenami-
done.  Fosetyl-Al  belongs  to  the  phospho-
nates, which constitute a relatively new class 
of  systemic  fungicides  (COHEN  &  COFFEY, 
1986). Fenamidone belongs to the chemical 
group  of  imidazolinone  and  isopropanol, 
respectively  (PEST  MANAGEMENT 
REGULATORY AGENCY, 2003). 
Fish  are  used  extensively  for 
environmental  monitoring  (LANFRANCHI  et 
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directly from the water. Fish liver is rich in 
antioxidants and plays a major role against 
toxic compounds which induce free radical 
production (VAN DYK et al., 2007). Therefore, 
liver  serves  as  an  ideal  organ  in 
histopathological  studies  for  different 
pollutants effects, due to its susceptibility to 
morphological  damage  (STENTIFORD  et  al., 
2003;  FEIST  et  al.,  2004).  Morphological, 
histological  and  histopathological 
alterations related to pesticides presence in 
the  fish  liver  have  been  studied,  showing 
that these substances cause a severe damage 
to the liver cells (KOEHLER, 2004). The main 
advantage  of  histochemistry  lies  in  the 
analysis  of  biological  phenomena  in  the 
“particular cells”. Histochemical techniques 
help to analyze not only the localization of 
lipid  and  glycogen  at  cellular  level. 
Histochemical tests reveal the localization of 
chemical  product  of  cellular  activity. 
Intensity  of  staining  can  be  used  for 
comparing the lipid and glycogen contents 
present in the liver cells of the normal fish 
compared to treated fish with different toxic 
compounds (PATHAN et al., 2009).  
Data  from  studies  carried  out  on  the 
effects of fenamidone and fosetyl–Al based 
fungicides  on  the  fish  liver  are  relatively 
scarce. Therefore, the main objective in the 
present  experiment  is  to  study  the 
histochemical effects of the “Verita WG” on 
glycogen and lipid storage in common carp 
(Cyprinus carpio L.) liver. 
 
Materials and Methods 
Test organisms 
Common  carp  is  an  economically 
important  fish  species,  which  is  widely 
spread through Europe. It is also used as a 
bioindicator for estimation of the health of 
freshwater ecosystems because it is relative 
insensitive  and  could  survive  and 
accumulate  contaminants  at  heavily 
contaminated  sites  (SNYDER  et  al.,  2004; 
REYNDERS et al., 2008). 
Forthy  healthy  common  carps  were 
obtained from the “Institute of Fisheries and 
Aquaculture”  in  the  city  of  Plovdiv, 
Bulgaria. They were of the same size-group 
(mean std. length 16.3 cm ± 2.7; mean body 
mass  10.17  g  ±  1.4)  with  no  external 
pathological  abnormalities.  After  transpor-
tation, the fish were moved in aquaria with 
chlorine-free  tap  water  (by  evaporation)  to 
acclimatize for a week. After acclimatization 
the fish were divided into four groups (n = 
10).  Fish  were  not  fed  48  hours  before  the 
experiment. 
 
Chemicals and experimental setup 
The fungicide “Verita WG” was used in 
the  experiment.  It  contains  the  active 
substance  fosetyl-Al  (Aluminium  tris-O-
ethyl  phosphonate)  667  g/kg  and 
fenamidone  (1-anilino-4-methyl-2-
methylthio-4-phenylimidazolin-5-one)  44 
g/kg,  and  it  was  provided  by  Bayer 
CropScience, Germany. Three groups of fish 
were exposed to fungicide at concentration 
of  30  mg/L,  38  mg/L  and  50  mg/L, 
representing 50, 40, 30 times dilution of the 
stock  solution,  prepared  according  to  the 
instructions of the manufacturer. The fourth 
fish group served as a control and the fish 
were  kept  in  a  tank  with  no  added 
fungicide. The experiment last for 96 h. 
All  the  aquaria  had  a  permanent 
aeration with air pumps and the water was 
kept  oxygen  saturated.  For  the  entire 
duration  of  the  experiment,  the  animals 
were maintained under a natural light/dark 
cycle  (12:12).  Water  physico-chemical 
characteristics  such  as  pH,  temperature, 
dissolved  oxygen;  oxygen  saturation,  were 
measured  once  per  day  according  to  a 
standard  procedure  (APHA,  2005).  They 
were as follows: pH – 8.2±0.1; temperature – 
24.5 ºC ± 0.12; dissolved oxygen – 7.26 mg/L 
± 0.2; oxygen saturation – 90.25% ± 3.3. 
 
Histochemical analysis 
Fish  dissection  was  performed 
according  to  the  international  standard 
procedures given in the EMERGE Protocol 
(ROSSELAND et al., 2003). 
Histochemical analysis was carried out 
in  the  laboratory  at  the  Department  of 
Anatomy,  Histology  and  Embryology  at 
Medical  University  of  Plovdiv,  Bulgaria. 
Cryostat (Leica, Jung Frigocut 2800 N) was 
used to cut the samples. Multiple carp liver 
sections  (6  µm)  of  each  specimen  were 
prepared  according  to  standard Elenka Georgieva, Pepa Atanasova, Iliana Velcheva, Stela Stoyanova, Vesela Yancheva 
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methodology.  Liver  samples  were  also 
stained with Sudan III according to Daddy 
and  by  the  PAS  method  according  to 
McManus.  All  used  histochemical  tech-
niques are described by PEARSE (1968, 1972) 
Experimental set up was conducted in 
accordance with national and international 
guidelines of the European Parliament and 
the  Council  on  the  protection  of  animals 
used  for  scientific  purpose  (DIRECTIVE 
2010/63/EU). 
Liver  histochemical  alterations  of  all 
specimens,  including  control  fish  livers 
were  appraised  individually  and  semi-
quantitatively by using the grading system. 
Positive  PAS-reaction  was  presented  in 
purple-magenta staining and positive Sudan 
III staining was expressed with small yellow 
and large orange fat droplets in hepatocytes 
cytoplasm.  Evaluation  of  the  histopatho-
logical  changes  was  carried  out  and 
presented as an average value. Each grade 
represents  specific  histochemical 
characteristics and is categorized as follows: 
(-)  –  negative  reaction  of  histochemical 
staining; (+/-) – very weak positive reaction 
of  histochemical  staining;  (+)  –  weak 
positive  reaction  of  histochemical  staining; 
(++)  –moderate  positive  reaction  of 
histochemical  staining;  (+++)  –  strong 
positive reaction of histochemical staining in 
the hepatocytes. 
 
Results 
Intensity of PAS-reaction 
We  observed  in  the  control  fish  liver 
positive  PAS-reaction  in  separate  areas  of 
liver parenchyma (Fig. 1a). Intensity of the 
PAS-reaction  was  increased  in  direct 
proportion with the increase of the pesticide 
concentration,  which  was  indicative  of  an 
increase  in  the  glycogen  amount  in 
hepatocytes (Table 1). 
We  found  a  tendency  towards  an 
increased  intensity  of  PAS-positive  grain-
like  structures,  which  varied  from  fine  to 
large  grains  in  the  three  experimental  fish 
groups,  which  suggests  an  increase  in  the 
amount  of  accumulated  glycogen  in 
hepatocytes. 
There  was an  increase of  PAS-reaction 
in  all  cryosections  of  fish,  exposed  to  30 
mg/L  pesticide,  i.e.  more-intense  purple-
magenta staining compared with the control 
group  (Fig.  1b).  Intensity  of  PAS-reaction 
was moderate. This suggests an increase in 
the  amount  of  glycogen  compared  the 
control group. 
We  also  detected  moderate  PAS-
positive  staining  in  the  investigated  fish, 
exposed  to  38  mg/L  concentration  of 
pesticide.  This  indicates  that  the 
accumulation of glycogen in the hepatocytes 
was similarly to the test group, exposed to 
30 mg/L pesticide (Fig. 1c). 
Furthermore,  we  observed  strong 
positive PAS-reaction in the fish group (Fig. 
1d),  which  were  exposed  to  the  highest 
fungicide  concentration  (50  mg/L).  Thus, 
more intense PAS-reaction demonstrated the 
highest amount of glycogen in the common 
carp liver. 
Lastly,  we  detected  conglomerates  of 
accumulated glycogen in certain hepatocytes 
from all test fish groups (Table 2). Amount 
of  the  conglomerates  was  increased 
proportionally  to  the  fungicide 
concentration.  At  the  lowest  concentration 
(30 mg/L) we determined conglomerates of 
accumulated glycogen in single hepatocytes 
(+/-).  In  fish  liver  from  the  test  groups, 
exposed  to  38  mg/L  conglomerates  were 
present  in  more  hepatocytes  (+)  and 
respectively, the most pronounced presence 
of glycogen conglomerates was in the fish, 
exposed at  concentration of 50 mg/L (++). 
We  did  not  find  conglomerates  of 
accumulated  glycogen  in  the  hepatocytes 
from the control group. 
 
Intensity of Sudan III staining 
We  found  very  weak  positive  reaction 
of Sudan III staining in control fish group. 
Intensity of Sudan III staining from all test 
groups  increased  with  the  increased 
concentrations of the test fungicide (Table 3). 
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Table 1. Intensity of PAS-reaction 
 
Concentration 
of the fungicide 
Control group  30 mg/L  38 mg/L  50 mg/L 
Intensity of 
PAS- reaction 
staining 
+  ++  ++  +++ 
(-) – negative reaction of histochemical staining; (+/-) – very weak positive reaction of histochemical staining; (+) 
– weak positive reaction of histochemical staining; (++) – moderate positive reaction of histochemical staining; 
(+++) – strong positive reaction of histochemical staining in the hepatocytes 
 
 
 
Fig. 1. Intensity of  PAS-reaction in common carp liver. a – The intensity of PAS-reaction in 
control fish group, x200; b – The intensity of PAS-reaction and conglomerates of 
accumulated glycogen at concentration 30 mg/L fungicide, x200; c – The intensity of PAS-
reaction and conglomerates of accumulated glycogen at concentration 38mg/L fungicide, 
x200; d – The intensity of  PAS-reaction and conglomerates of accumulated glycogen at 
concentration 50 mg/L fungicide, x400. 
 
 
Table 2. Conglomerates of accumulated glycogen in common carp liver. 
 
Concentration 
of the pesticide 
Control group  30 mg/L  38 mg/L  50 mg/L 
Amount of 
glycogen 
conglomerates 
-  +/-  +  ++ 
(-) – negative reaction of histochemical staining; (+/-) – very weak positive reaction of histochemical staining; (+) 
– weak positive reaction of histochemical staining; (++) – moderate positive reaction of histochemical staining; 
(+++) – strong positive reaction of histochemical staining in the hepatocytes 
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Table 3. Intensity of Sudan III staining 
 
Concentration 
of the pesticide 
Control group  30 mg/L  38 mg/L  50 mg/L 
Intensity of 
Sudan III 
staining 
±  +  ++  +++ 
(-) – negative reaction of histochemical staining; (+/-) – very weak positive reaction of histochemical staining; (+) 
– weak positive reaction of histochemical staining; (++) – moderate positive reaction of histochemical staining; 
(+++) – strong positive reaction of histochemical staining in the hepatocytes 
 
 
 
Fig.  2. Intensity of Sudan III staining in common carp liver, x 400. a – Control group; b – 
Intensity of staining and Sudan positive fat vacuoles at concentration 30 mg/L fungicide; c – 
Intensity of  Sudan III staining at concentration 38 mg/L fungicide; d – Intensity of Sudan III 
staining at concentration 50 mg/L fungicide. 
 
We  observed  in  the  control  group  in 
separate  sections  in  the  hepatocytes  very 
weak yellow staining of Sudan III (Fig. 2a). 
Intensity of staining of the liver parenchyma 
of  all  specimens,  exposed  to  the  lowest 
concentration  (30  mg/L)  was  weak  (more 
intense yellow staining). Also, we found a 
slight  increase  of  lipid  droplets  in  the 
hepatocyte  cytoplasm  (Figure  2b). 
Moreover,  we  observed  in  the  fish  group, 
exposed  to  38  mg/L  of  the  test  pesticide 
more  pronounced  lipid  droplets  in  the 
hepatocytes, which were stained in yellow-
orange (Fig. 2c). We found strong positive 
Sudan  III  staining  at  the  highest  pesticide 
concentration  (50  mg/L),  which  indicates 
the increase of fat deposits in the cytoplasm 
(Fig.  2d).  Lipid  droplets  were  stained  in 
orange. 
 
Discussion 
Our  results  indicate  an  increase  in  the 
amount  of  glycogen  in  the  liver 
parenchyma. Similar to us FRANCHINI et al. 
(1991) found lipid accumulation in fish liver, 
which suggests changes in the liver function 
under  the  effluence  of  different  toxicants. 
Other  authors  reported  that  exposure  of 
subchronic  doses  of  pesticides  inhibit 
glycogenolysis  and  promote 
glyconeogenesis (SINGH et al., 1996). SPISNI et 
al.  (1998)  observed  hepatic  fat  deposition. 
The  authors  described  a  disturbance 
resulting  from  an  excessive  or  unbalanced Histochemical Effects of “Verita WG” on Glycogen and Lipid Storage in Common Carp Liver 
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supply of dietary lipids which exceeds the 
physiological  lipid  conversion  ability  of 
liver, resulting in hepatic lipid accumulation 
as fat drops (triglycerides). 
REZG et al. (2006, 2007) concluded that 
under  the  effect  of  subchronic  dose  of 
organophosphate insecticide malathion, the 
storage of glycogen in rat liver may be due 
to a stimulation of insulin secretion after the 
inhibition  of  acethylcholinesterase  activity 
in  pancreatic  beta  cells.  These  studies 
indicate  that  hyperglycemia  is  temporary, 
which  is  probably  due  to  a  stimulated 
glyconeogenesis  that  increases  hepatic 
glycogen  deposition  in  liver.  The  authors 
suggest  that  these  results  are  due  to  the 
turnover of glucose by a succession between 
its  release  glycogenolysis  and 
glyconeogenesis,  which  involves  abnormal 
hyperglycemia,  and  its  storage  via 
glyconeogenesis  in  subchronic  exposure  to 
pesticide. 
It  is  clear  that  other  authors  found  in 
their studies increased amount of glycogen 
in  the  liver  of  different  test  species  under 
the  influence  of  many  toxicants.  We  also 
found an increase in the amount of glycogen 
in the liver parenchyma. However, it would 
be  difficult  to  comment  in  detail  the 
mechanism  for  this  accumulation.  We, 
therefore, can only say that our results show 
that the changes in the common carp liver 
metabolism  under  the  influence  of  the 
studied fungicide were expressed mainly in 
accelerating the process of glyconeogenesis 
and  accumulation  of  lipids.  In  addition, 
intensity  of  accumulation  of  glycogen  and 
lipids in the carp liver is proportional with 
the chemical concentrations.  
 
Conclusion 
Overall, we investigated an increase the 
intensity of PAS-reaction and accumulation 
of  lipid  droplets  in  fish  liver,  which 
correlates with the increasing concentration 
of the fungicide. We can conclude that the 
increase of the amount of glycogen and lipid 
droplets  in  the  hepatocytes  suggests  a 
process  of  transforming  the  accumulated 
glycogen  in  fat  (lipids).  Moreover,  we  can 
associate  this  process  with  induced 
glyconeogenesis.  Therefore,  this  could  be 
considered  a  series  of  compensatory 
mechanisms in fish and liver metabolism in 
response to the toxic effects of pesticides and 
the stress they induce. Further investigations 
in this particular area need to be carried out 
to better understand the metabolic changes 
in  the  liver  under  the  influence  of  organic 
contaminants. 
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